Abstract and Summary.-The incorporation of free fatty acids into myxoviruses was shown, using branched-chain fatty acids as molecular markers. The presence of isostearic or phytanic acid was detected by gas-liquid chromatography in the phospholipid fraction of the Ao/PR8/34 strain of influenza virus. Uptake of free fatty acids into the virus varied from 8 to 11 per cent and was accompanied by a shift in the fatty acid profile. Infected allantoic fluids from eggs treated with branched-chain acids possessed higher hemagglutinin activity when compared to fluids infected under normal conditions. Attempts to detect branched-chain acids in Sendai virus were unsuccessful. Shifts in acyl chain composition persisted after three passages of modified viruses in the absence of branched-chain acids. Force-area curves at an air-water interface revealed the cross-sectional area of branched-chain acids to be greater than their straight-chain homologs. It is suggested that hydrophobic interactions can alter the configuration of envelope proteins. Such changes may have an important role in the selection of fragments of influenza viral genome and can conceivably alter viral genotype.
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1VMyxoviruses such as influenza and Sendai viruses acquire their lipoprotein envelope at the surface membrane of the host cell by a process analogous to budding. 1 2 The lipids of these viruses comprise 20-28 per cent of the total weight of the virioll,3 4 and it has been suggested that the composition of these lipids is determined by viral envelope proteins, environmental factors, and the biosynthetic properties of the host cell. 3-5 It has been established that, with the exception of phosphatidic acid, the glycerophosphatide moiety of phospholipids of the virion is derived from preformed host cell elements,6 but the origin of the fatty acyl chains has not been ascertained. Studies in this laboratory have shown that vitamin A alters the phenotype of enveloped viruses and this is accompanied by changes in the phospholipid and acyl chain composition of the virion.3 To date, specific incorporation of exogenous lipid components into an enveloped virus has not been demonstrated. The purpose of this investigation is to show that branched-chain fatty acids, not normally found in avian membranes,6 are incorporated into influenza virus. The influence of free fatty acids at an air-water interface will be correlated with the effect they may exert in biological membranes. A preliminary report of this work has been presented elsewhere. Results.-Analyses of the phospholipid fraction of influenza virus grown in the presence of branched-chain fatty acids revealed incorporation of both MIHD and phytanic acid into the virion ( Table 1 ). The incorporation of these fatty acids into the virion was accompanied by a shift in other acyl chains. i\IHD led to an increase in monoenoic (C16 1 and C18: 1) and dienoic acids as well as shortchain saturated fatty acids (C12 0), with a concomitant decrease in long-chain polyunsaturated fatty acids (C20 :4 and C22 6). Influenza virus propagated in the presence of phytanic acid had a decrease of most long-chain fatty acids (Table  1) . Attempts to detect the uptake of phytanic acid into a member of the paramyxovirus group (Sendai virus) under similar conditions were unsuccessful. To test the effect of passage on the biological properties and chemical composition of influenza virus, PR8 initially propagated in the presence of MHD (PR8-MHD) was submitted to three additional passages in ovo in the absence of MHD (iA\HD-P3). It can be seen (Table 1) that the acyl chain composition of AIHD-Pg did not resemble that of the first passage material (PR8-M\lHD) or control virus. Residual MHD was not detected in 1\IHD-P3, although distinct shifts in the fatty acid profile of this virus were evident; especially prominent were large increases in medium-and long-chain unsaturated acids (Table 1) .
Influenza virus propagated in the presence of .MHD or phytanic acid was pleomorphic; in contrast to virus grown in the presence of vitamin A, filamentous forms were rare. Pretreatment of eggs with phytanic acid or M\HD resulted in increases in hemagglutinating (HA) activity for influenza virus; infectivity and 12 or less will be referred to as short; Cit-Cis, medium; C20 or greater are long-chain. Detector linearity and response for fatty acids of different molecular weights were determined with quantitative methyl ester standards (Applied Science Laboratories).
t Virus grown in presence of MHD, followed by three passages without MHD. Fig. 1 for stearic and iso-stearic acids. Two extreme configurations are shown for phytanic acid; the observed area is 36 A2/Mol, indicating a slight twisting of the chain.
Force-area curves of various fatty acids at an air-water interface (Fig. 1) reveal that branched-chain acids occupy a larger cross-sectional area than their straightchain homologs and thus behave in a fashion more like unsaturated fatty acids. The projected cross-sectional areas of various fatty acids and the influence they may exert on lipid packing are depicted in a model system of phosphatidylcholine containing various fatty acyl chains (Figs. 2, 3) . It can be seen that substitution PROC. N. A. S.
of additional CH3 groups in the fatty acid, twisting of the phytanate molecule, or substitution of unsaturated fatty acids in the phospholipid molecule constitute further obstacles to the compact organization of lipid films (Figs. 2, 3) . Physicochemical studies of close-packed films of fatty acids reveal that the energy of interaction between two adjacent paraffinic chains is considerably reduced by the addition of a terminally substituted methyl group." Such changes will also reduce the cohesion between acyl hydrocarbon chains and hydrophobic regions of proteins and allow for a more expanded and fluid viral envelope. It is suggested that the inclusion of branched-chain fatty acids may alter certain hydrophobic binding sites (of envelope proteins) in a fashion similar to that of certain organic solvents. 14 Hydrophobic reactions may cause the exclusion of water from certain areas of the peptide chain,"5 and hence change the secondary and tertiary structure of the viral envelope proteins. This fits with the postulate of Green et al. 16 that the structure of membranes is determined by hydrophobic rather than by electrostatic interactions and is consistent with the model membrane system composed of lipoprotein complexes as proposed by Benson. 17 The basis of the high hemagglutinin-infectious particle ratio is at present unknown. We speculate that the altered structure of the envelope affects the biological properties of the virion in one of two ways. First, altered envelope protein may select a population of genomic fragments'8-21 coding for a number of hemagglutinin molecules of increased activity, and on subsequent passage these breed true. If, on the other hand, one assumes that branched-chain acids alter the surface projections of the virion so that additional sites are exposed for HA, this may explain the high hemagglutinin titer observed in infected allantoic fluids of first-passage virus (e.g. PR8-MHD) but not in subsequent passages (Pg) . Assuming that the influenza genome consists of several small, independently replicating pieces of various sizes,"1-21 it is possible that a small fragment of genome acts as a regulating element in hemagglutinin synthesis (with no apparent effect on infectivity). Changes in the configuration of the envelope proteins might prevent the binding of this genomic fragment to the inner surface of the virion. This would behave as a deletion mutation on subsequent passage and may account for the high hemagglutinin and neuraminidase titers observed in P0. Further evidence that these envelope proteins are altered is apparent from the acyl chain data which have been shown to be a sensitive index of differences in the structural proteins of the virion.4 5 The reason for the failure to detect phytanic acid in Sendai virus is at present unknown, but it may be related to the large percentage of unsaturated fatty acids in that virus4 and involve competition between these acids and phytanic acid for binding sites. 22 Summary.-The uptake of free fatty acids into the phospholipid fraction of myxoviruses was studied by gas-liquid chromatography using branched-chain fatty acids as molecular markers. The incorporation of branched-chain acids into the Ao/PR8/34 strain of influenza was accompanied by changes in the fatty acid profile of the virion. Infected allantoic fluids of eggs treated using branchedchain fatty acids had enhanced hemagglutinin activity when compared to fluids infected under normal conditions. Shifts in the fatty acid profile and altered biological activity persisted after three passages of modified virus in the absence of branched-chain acids. Attempts to detect phytanic acid in Sendai virus propagated under similar conditions were unsuccessful. Force-area curves reveal that these fatty acids occupy a larger area than their straight-chain homologs. It is suggested that the incorporation of branched-chain fatty acids alters the configuration of envelope proteins by hydrophobic bonding reactions. Such changes may play an important role in selecting out fragments of the genome and may be responsible for a mutational event.
